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1. Introduction
The common European toad (Bufo bufo, Linnaeus 1758) 
is an early breeding anuran species that inhabits a wide 
range of environments (Borkin and Veith, 1997). It is also 
one of the most common European amphibians (Sillero 
et al., 2014). The trigger for the start of breeding activity 
in common European toads (hereafter, common toads) 
has been identified as both the increase of mean daily air 
temperature (Reading and Clarke, 1983; Kovář and Brabec, 
2007) and a general increase of day length (Reading, 1998). 
In some parts of Europe the reproductive season of common 
toads is short, lasting from a few days up to two weeks (Wells, 
1977; Davies and Halliday, 1979; Hemelaar, 1983; Sinsch, 
1988; Reading, 1998; Sztatecsny and Schabetsberger, 2005; 
Hettyey et al., 2009), usually from early February to mid-
March (Reading and Clarke, 1983; Reading, 1998; Voituron 
and Lengagne, 2008). In other parts it lasts from 24 to even 
48 days, mostly occurring from March–April or extending 
to May (see review of Kovář and Brabec, 2007). According 
to Reading (1998) and references therein, common toads 
are considered “explosive breeders”, with the peak of activity 
followed by decline in number of adult toads in the pond, 
but in some years a second small peak can be detected. Kovář 
and Brabec (2007), on the contrary, point to wide variation 
in reproductive strategy of this species, from “explosive 
breeders” to more “long-term breeders”. Nevertheless, males 
usually arrive before females and females leave the breeding 
site soon after spawning while males stay longer (Hettyey et 
al., 2012). 
In this study we used a dataset on common toad 
breeding phenology monitored at the same breeding site in 
southeastern Europe from 2001–2003 and 2011–2017 for a 
declining population (Jovanović and Crnobrnja-Isailović, 
2019) to determine variation of breeding phenology 
milestones among years and to test its concordance with 
variation in weather parameters.
2. Material and Methods
2.1. Study site
We studied the breeding phenology of common toads at an 
artificial pond situated near the village of Zuce, Belgrade 
region, central Serbia (44°40.93′N, 20°33.12′E, 240 m 
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a.s.l.). The pond is approximately 70 m long, 35 m wide, 
and 2 m deep, surrounded by deciduous forest, and it 
was constructed approximately 50 years ago by damming 
two streams (see Tomašević et al., 2008; Cvetković et al., 
2009; Ćorović and Crnobrnja-Isailović, 2018; Jovanović 
and Crnobrnja-Isailović, 2019). In southern Europe and 
Serbia, B. bufo is also one of the most common anuran 
species (Arnold and Owenden, 2002; Vukov et al., 2013) 
and its breeding habits make it easy to observe during 
mating. 
2.2. Field procedures
In 2001, 2002, and 2003 we collected data on breeding 
phenology in the common toad during biodiversity 
surveys; however, logistic constraints prevented continued 
monitoring. In 2011 we resumed monitoring, but for this 
study, only data up to 2017 were analyzed. These data were 
used to test a model of predicted change in duration of 
RANGE based on humidity (see below). Each year, we 
began visiting the site in early March. On every visit, we 
inspected the pond by walking slowly along the shore from 
a fixed starting point and circling the entire pond. Each 
year we recorded phenological milestones including: 1) 
arrival of first male common toad (first male day, FMD), 
2) date of first amplexus (first amplexus day, FAD), 3) the 
day with the greatest number of observed toads (peak 
activity day, PAD), 4) the last day when a toad was seen 
in the pond (last male day, LMD), and 5) the number of 
days from FMD to LMD (duration of breeding season, 
RANGE). Due to changes in the calendar from year to 
year (especially leap years), all dates were recorded as days 
after the winter solstice (21 or 22 December), following the 
recommendation of Reading (2003).
Weather variables were derived from raw daily weather 
data available from the European Climate Assessment & 
Dataset (ECA&D; Klein Tank et al., 2002; available at www.
ecad.eu) from the meteorological station at the Belgrade 
Observatory (44.800, 20.467; Station ID: 263; 15 km from 
the study site). 
2.3. Statistical analyses
Because of the high correlation between the milestones 
FMD, FAD, and PAD, and LMD and RANGE across years 
(Table 1), we selected FMD and RANGE for analysis. We 
were trying to analyze as many uncorrelated variables as 
possible, and the correlation of these two with the other 
milestones was relatively low, especially that of FMD 
in comparison to PAD (see Table 1). Weather data were 
summarized for both the prebreeding period (determined 
as the period from the winter solstice until the earliest 
recorded FMD: 70 days) and RANGE (the period from 
FMD to LMD). Each year the minimum, maximum, mean, 
and standard deviation during the prebreeding period were 
calculated for each daily temperature variable, consisting 
of mean temperature (MET), minimum temperature 
(MIT), and maximum temperature (MXT). Additionally, 
we determined the prebreeding mean of mean cloud cover 
(CC), mean humidity (HU), and total precipitation (PC). 
Maximum and minimum 7-day rolling means were also 
calculated for each temperature variable to model the 
effects of relatively prolonged extreme weather patterns. 
Mean values of each daily weather variable were also 
determined for RANGE each year.
We tested the effects of weather variables on FMD and 
RANGE using single-parameter linear models using R 
v.3.5.3 (R Core Team, 2019), and the Akaike information 
criterion (AIC) was used to rank the candidate models. 
For FMD analysis we used single-parameter models 
including year and all the weather parameters listed above, 
while using single-parameter models with the means of 
each daily weather variable and year for RANGE. Weather 
variables in top models explaining FMD or RANGE were 
extracted from the ECA&D database dating back to 1936 
(cloud cover, precipitation, and min, max, and mean 
temperatures) and 1949 (humidity) and were transformed 
to 10-year rolling averages. These datasets were analyzed 
for any shifts in weather patterns which could be indicative 
of climate change. We estimated any potential effects on 
common toad breeding phenology using these models.
3. Results
On average, the FMD arrived at the study pond 79.5 
days after the winter solstice and RANGE averaged 26.3 
days (Table 2). The breeding season started earliest in 
2016 (day 69), and latest in 2002 (day 96). The years with 
smallest RANGE were 2013 and 2015 (16 days), while the 
RANGE was greatest in 2003 (44 days). After the FMD, 
a fairly consistent progression was initiated with the FAD 
documented 1–3 days later (mean = 2, SD = 0.63) and PAD 
was noted 4–12 days later (mean = 8, SD = 2.93). FAD and 
PAD started earliest in 2016 (days 71 and 77 respectively) 
and latest in 2002 (days 98 and 104, respectively). There was 
a high correlation between these phenological variables (r 
Table 1. Correlation coefficients for all breeding phenology 
variables. FMD = First male day, FAD = first amplexus day, 
PAD = peak activity day, LMD = last male day, and RANGE = 
breeding duration. FMD, FAD, PAD, and LMD were recorded in 
days since winter solstice.
FAD PAD LMD RANGE
FMD 1.00 0.93 0.67 0.03
FAD - 0.93 0.65 0.01
PAD - - 0.68 0.11
LMD - - - 0.76
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= 0.93–1.00; Table 1). Additionally, the LMD had relatively 
high correlation with RANGE (r = 0.76; Table 1). LMD 
was earliest in 2013 (day 92) and latest in 2003 (day 130) 
(Table 2).
Variation in FMD was most parsimoniously explained 
by the intercept-only model (Table 3). All the minimum 
daily temperature models were within one ΔAICc with the 
minimum daily mean temperature explaining the most 
variation (R2 adj. = 0.26); however, ultimately none of 
these variables were significant (P ≥ 0.10). The top models 
explaining RANGE were mean daily humidity (β = –0.88, 
95% CI: –1.63 to –0.12, P = 0.03), followed by mean daily 
Table 2. Raw values, mean, standard deviation, minimum, and maximum values of observed breeding phenology variables. FMD 
= First male day, FAD = first amplexus day, PAD = peak activity day, LMD = last male day, and RANGE = breeding duration. 
FMD, FAD, PAD, and LMD were recorded in days since winter solstice.
2001 2002 2003 2011 2012 2013 2014 2015 2016 2017 Mean SD Min. Max.
FMD 71  96  86 80  82 76  71  88  69 76  79.50  8.64 69  96
FAD 73  98  87 83  84 77  74  90  71 78  81.50  8.53 71  98
PAD 85 104  99 91  90 82  83  94  77 90  89.50  8.15 77 104
LMD 95 122 130 97 120 92 102 104 102 94 105.80 13.36 92 130
RANGE 24  26  44 17  38 16  31  16  33 18  26.30  9.94 16  44
Table 3. Candidate models explaining the arrival of the first male common toad (FMD) ranked by 
AICc.  
Model AICc ΔAICc Model Lik. AICc Wt. LL R2 adj.
Intercept 76.18 0.00 1.00 0.13 –35.23 0.00
Min. daily mean temp. 76.80 0.62 0.73 0.10 –33.40 0.22
Min. daily min. temp. 77.18 1.00 0.61 0.08 –33.59 0.19
Min. daily max. temp. 77.68 1.50 0.47 0.06 –33.84 0.15
Max. daily mean temp. 77.78 1.60 0.45 0.06 –33.89 0.14
Max. daily max. temp. 77.98 1.80 0.41 0.05 –33.99 0.12
Max. daily min. temp. 78.18 2.01 0.37 0.05 –34.09 0.10
Max. 7-day mean temp. 78.22 2.04 0.36 0.05 –34.11 0.10
Max. 7-day max. temp. 78.31 2.13 0.34 0.05 –34.16 0.09
Max. 7-day min. temp. 78.35 2.17 0.34 0.04 –34.17 0.09
Mean daily min. temp. 78.50 2.32 0.31 0.04 –34.25 0.08
Year 78.80 2.62 0.27 0.04 –34.40 0.00
Min. 7-day min. temp. 78.89 2.71 0.26 0.03 –34.44 0.04
Mean daily mean temp. 78.90 2.72 0.26 0.03 –34.45 0.04
Min. 7-day mean temp. 79.20 3.03 0.22 0.03 –34.60 0.01
Mean daily max. temp. 79.27 3.09 0.21 0.03 –34.64 0.00
Min. 7-day max. temp. 79.61 3.43 0.18 0.02 –34.80 –0.03
SD daily min. temp. 80.10 3.92 0.14 0.02 –35.05 –0.08
SD daily max. temp. 80.15 3.97 0.14 0.02 –35.07 –0.09
SD daily mean temp. 80.23 4.05 0.13 0.02 –35.11 –0.10
Mean daily humidity 80.26 4.08 0.13 0.02 –35.13 –0.10
Mean daily cloud cover 80.38 4.20 0.12 0.02 –35.19 –0.12
Mean daily precip. 80.41 4.23 0.12 0.02 –35.20 –0.12
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cloud cover (β = –7.38, 95% CI: –13.92 to –0.84, P = 0.03) 
(Table 4). However, these two variables were positively 
correlated with each other (r = 0.67) and are linked 
meteorologically; therefore, they are likely explaining 
similar variation in RANGE. These top models suggest 
that years with lower humidity and cloud cover could lead 
to extended RANGE (Figures 1a and 1b).
We explored trends in mean humidity from the earliest 
FMD and latest LMD, recorded in days post winter 
solstice. A linear model of the 10-year rolling average of 
yearly breeding season daily mean humidity showed a 
decrease of an estimated rate of 0.10%/year since 1949 (the 
first year these data were available). This relationship was 
significant (P < 0.001). We used our top model for RANGE 
and predicted a shift in RANGE from an estimated 18.57 
days for mean humidity from 1949–1958 (the first period 
for which a 10-year average can be calculated) to 23.80 
days for mean humidity from 2008–2017.  
4. Discussion
Our results showed that reproductive season in common 
toads from Zuce, Serbia, starts in March, the same as in 
populations from the Czech Republic, mid-Wales, and 
central England. Scandinavian populations breed at 
the end of April, while in southern England it starts in 
February and finishes in March (see Kovář and Brabec, 
2007 and references therein). The duration of common 
toad breeding season in the Czech Republic, mid-Wales, 
and southern England is relatively long, about a month 
or even more, which is similar to the Serbian population 
analyzed in this study.
Our analyses revealed no effect of weather on the 
initiation of breeding activity, but a statistically significant 
effect of humidity on the duration of the breeding 
season was observed. These results do not rule out the 
relationship of weather on breeding initiation; rather, the 
limited 10-year duration of our study may have failed to 
adequately capture this relationship. Similar studies of 
breeding phenology in B. bufo from the western part of 
Europe also failed to detect significant trends in timing of 
breeding milestones (Reading, 2003; Prodon et al., 2017), 
or they confirmed mild trends depending on subsets of 
data subjected to analysis (Reading, 2003). Obviously, 
changes in amphibian reproductive phenology are 
Table 4. Candidate models explaining the duration of common toad breeding season (RANGE) ranked by AICc.
Model AICc ΔAICc Model Lik. AICc Wt. LL R2 adj.
Mean daily humidity 76.84 0.00 1.00 0.36 –33.42 0.41
Mean daily cloud cover 77.13 0.29 0.86 0.31 –33.57 0.39
Intercept 78.98 2.14 0.34 0.12 –36.63 0.00
Mean daily precip. 79.03 2.19 0.33 0.12 –34.52 0.26
Mean daily max. temp. 82.15 5.31 0.07 0.03 –36.07 –0.01
Year 82.26 5.42 0.07 0.02 –36.13 0.00
Mean daily mean temp. 82.92 6.08 0.05 0.02 –36.46 –0.09
Mean daily min. temp. 83.17 6.33 0.04 0.02 –36.58 –0.11
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Figure 1. Modeled relation between (a) mean daily humidity (%) and (b) mean daily cloud cover (oktas) and breeding duration (days) 
for the study population of common toads in Serbia. The black line and shaded region represent model estimates and 95% confidence 
intervals, respectively. Points are representative of raw data points.
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variable, species-specific, and, in some cases, population-
specific (Arnfield et al., 2012; While and Uller, 2014). 
However, we revealed an effect of humidity on breeding 
duration, which may have implications for this declining 
population. 
Simmons et al. (2010) reported a trend of humidity 
decrease for the last decade that seems to be occurring on 
a global scale in terrestrial systems. In Europe, a decades-
long decrease in relative humidity has been reported 
in several regions. In the great Alpine region, Brunetti 
et al. (2009) reported a decrease of relative humidity 
covering 30–40 years, which occurred mostly during 
summer months. Brázdil et al. (2009) reported a similar 
trend from the Czech Republic over much of the year, 
with only autumn showing an increasing trend. Wypych 
(2010) reported decreasing summer humidity in Poland 
over 100 years of data collection. Vicente-Serrano et al. 
(2014) reported a 1% decrease per decade in relative 
humidity in Spain for the period of 1961–2011, with 
spring and summer having the highest decrease. Butler 
and García-Suárez (2012) reported similar findings in 
Northern Ireland in the period of 1965–2008. Gocić and 
Trajković (2013) also detected similar trends in datasets 
from weather stations in Serbia (four out of twelve for 
minimum annual relative humidity and one out of 
twelve for maximum annual relative humidity) from 
1980–2010. Moreover, Ruosteenoja and Räisänen (2013) 
proposed further decreases in relative humidity in the 
area (as early as 2020–2049). This prediction should 
be considered when making recommendations for the 
management of the habitat surrounding this common 
toad breeding site: for example, more efficient protection 
of the vegetation cover in the habitat, together with better 
control and prevention of habitat degradation, will both 
diminish local humidity decrease and pauperization 
of local biodiversity. Moreover, if this common toad 
population has adapted to the local climate regime, as was 
proved for some other European anurans, then increase 
of landscape permeability for long-distance dispersal 
and therefore increased gene flow could diminish the 
effect of strong selection acting under contemporary 
climate change (see Philimore et al., 2010 and references 
therein).
The change of the type and strength of sexual 
selection could be another possible outcome of the 
change of breeding season length in the common toad. 
It was revealed that common toad mating is random 
when the breeding season is short; with increase of the 
duration of the breeding period, larger males become 
more advantageous, and finally, prolonged duration 
of the breeding season will lead to assortative mating 
(Hoglund, 1989). Maximal observed duration of the 
breeding season was more than twice the shortest one 
among the years of our study; however, we would prefer 
to collect more data before applying such an analysis.
Although the implications of variation of breeding 
duration on the local common toad populations are 
not clear, with our study population in likely decline 
(Jovanović and Crnobrnja-Isailović, 2019) it is useful to 
consider the implications of decreasing humidity on its 
breeding phenology. Toads are mainly active by night, 
except during the breeding season, when they are quite 
exposed to predators such as small carnivorous mammals 
(Lode, 1996; Slater, 2002) or predatory birds (Olson, 
1989; Jovanović et al., 2011) during the day. Olson 
(1989) also noted that “communal and synchronized 
oviposition greatly increases toad density, enhancing 
these geometric benefits of grouping”. Consistently or 
frequently prolonged breeding seasons may thus result 
in increased adult mortality by predation, which, in the 
long run, could further population decline. Considering 
projections of relative humidity decrease in inland 
regions of southern Europe during winter/spring in the 
following decades (Ruosteenoja and Räisänen, 2013), it 
is reasonable to predict that the breeding period of this 
common amphibian species will become longer, which 
could expose common toads to increased predation. 
Our results also support the statement that continuous 
long-term monitoring is necessary to clearly separate the 
effects of long-term trends on a target population from 
decadal fluctuations (Corn, 2005; Green, 2017). Specific 
conservation measures for common toads have not 
been developed yet, but this should be done before local 
extinctions of this species are realized.
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